Abstract Excessive intake of vitamin A is postulated to have a detrimental effect on bone by inducing osteoporosis. This may lead to an increased risk of fracture, particularly in persons who are already at risk of osteoporosis. However, few studies have specifically examined the association of vitamin A intake through diet and supplement use, with fractures in a cohort of older, community-dwelling women. We prospectively followed a cohort of 34,703 postmenopausal women from the Iowa Women's Health Study to determine if high levels of vitamin A and retinol intake through food and supplement use were associated with an increased risk of hip or all fractures. A semiquantitative food frequency questionnaire was used to obtain the participants' baseline vitamin A and retinol intake. Participants were followed for a mean duration of 9.5 years for incident self-reported hip and nonhip fractures. After multivariate adjustment, it was revealed that users of supplements containing vitamin A had a 1.18-fold increased risk of incident hip fracture (n=525) compared with nonusers (95% CI, 0.99 to 1.41), but there was no evidence of an increased risk of all fractures (n=6,502) among supplement users. There was also no evidence of a doseresponse relationship in hip fracture risk with increasing amounts of vitamin A or retinol from supplements. Furthermore, our results showed no association between vitamin A or retinol intake from food and supplements, or food only, and the risk of hip or all fractures. In conclusion, we found little evidence of an increased risk of hip or all fractures with higher intakes of vitamin A or retinol among a cohort of older, postmenopausal women.
Introduction
Animal studies have shown that excessive vitamin A can have a detrimental effect on bone through decreased bone formation, increased bone resorption, and enhanced fracture probability [1] . Hypothesized mechanisms include retinol-induced osteoblastic inhibition [2] , osteoclastic stimulation [3] , and vitamin D inhibition [4] . High vitamin A intake has also been shown to have a negative impact on human bone metabolism. Excessive vitamin A intake can cause skeletal deformities in fetuses [5] . Chronic vitamin A toxicity can also cause hypercalcemia [6] , impairment of bone remodeling, and bone abnormalities in humans [7, 8] . Furthermore, high intake of synthetic retinoids has been associated with decreased bone mass [9, 10] and suppressed biochemical markers of bone turnover [11] .
Several epidemiologic studies have examined the association between vitamin A intake and bone mass. Early studies examining the association of vitamin A intake via supplements or food with radial bone mass in postmenopausal women did not yield consistent results [12, 13, 14, 15] . This may have been related to crosssectional rather than longitudinal study designs and the high intraindividual variance that exists for vitamin A intake [16] . More recent studies involving other skeletal sites have shown an inverse association between vitamin A intake and bone mass [17, 18] . In a cross-sectional analysis of 175 women, retinol intake of greater than 1.5 mg/day was associated with a 10% reduction in femoral neck bone mineral density compared with intake of less than 0.5 mg/day [17] . This association was also seen at other skeletal sites including the lumbar spine and total body bone mineral density. In a prospective cohort study of 958 men and women, a log unit increase in dietary retinol intake among supplement users was associated with a 0.02 g/cm 2 lower bone mineral density (BMD) and 0.23% greater annual bone loss [18] .
A few studies have found high levels of vitamin A intake to be associated with an increased risk of hip fracture [17, 19] . In a prospective study of over 2,000 men, a serum retinol level in the highest quintile was associated with a 1.6-fold increased risk of any fracture and 2.5-fold increased risk of hip fracture relative to the middle quintile [20] . In a cohort study involving approximately 72,000 nurses, those in the highest quintiles of total vitamin A and retinol intakes were 1.5 and 1.9 times more likely to have a hip fracture respectively compared with those in the lowest quintiles of intake [19] . However, there are no published studies that examine the association of fracture with vitamin A intake through diet and supplement use in older, community-dwelling postmenopausal women. Forty-four percent of women aged 51-74 years report using a nutritional supplement [21] . About 65% of supplement users consume supplements containing vitamin A [22] . Chronic ingestion of large amounts of supplement-derived vitamin A may place older women at an increased risk for osteoporosis and fracture. Furthermore, the effect of exposure to high levels of vitamin A may be exacerbated in older persons by a diminished capacity for its clearance [23] .
The purpose of this study was to determine if high levels of vitamin A and retinol intake through food or supplement use are associated with an increased rate of hip fracture in a cohort of postmenopausal women.
Methods
This study is based on a prospective cohort-the Iowa Women's Health Study (IWHS). The IWHS is a longitudinal investigation of 41,836 women aged 55-69 who were randomly selected from the 1985 Iowa driver's license registry. These participants responded to a baseline questionnaire that was mailed to 99,826 women in 1986 with a response rate of 42%. Nonrespondents were on average, 3 months younger than respondents, had a 0.4 kg/m 2 higher body mass index (BMI), and were more likely to live in a rural area [24] .
The questionnaire included questions related to demography, lifestyle habits, medical history, reproductive and menstrual history, and body measurements. The following variables were dichotomized for statistical analysis: smoking history (ever smokers and never smokers), physical activity (moderate-to-high and low), level of formal education (high school or less and greater than high school education), and medication use, including estrogen replacement of any duration (ever user and never user). Height and weight measurements were obtained by self-report and analyzed as continuous variables. Waist and hip measurements were obtained by using a standard tape measure that was provided. These measurement techniques have been shown to be valid and reliable [25] . The waistto-hip ratio (WHR) and BMI were analyzed as continuous variables.
A semiquantitative food frequency questionnaire (FFQ) was used to assess diet. This FFQ was almost identical to the 1984 Nurses' Health Study dietary assessment [26] and included 127 food items and supplementary questions. The section on intake of vitamin supplements included questions on the name, frequency, and doses of multivitamins and of supplements containing only vitamin A. Multivitamins were coded individually to assign their contribution to vitamin A intake. Additional questions included the type of breakfast cereal consumed to determine the amount of vitamin A fortification. Daily intake of various dietary components including vitamin A (IU), retinol (IU), vitamin D (IU), calcium (mg), alcohol (g), caffeine (mg), and protein (g) were analyzed from the FFQ as either quintiles or continuous variables. The exposures of interest for this analysis were food and supplemental sources of baseline vitamin A (including both carotenoids and retinol) and retinol.
The accuracy of the FFQ for vitamin A intake was examined in an earlier study. The mean intakes from five 24-h dietary recalls were correlated with responses from the FFQ in a subgroup of 44 women [27] . The correlation coefficient of vitamin A intake from the two methods was found to be 0.14 from food only, and 0.56 from both food and supplements. For retinol intake, the correlation coefficient was 0.38 from food only, and 0.68 from both food and supplements. When the FFQ was re-administered 2 years after the baseline questionnaire, the correlation coefficients in the same 44 women were 0.64 and 0.58 for total vitamin A intake and vitamin A intake from food, respectively. The correlation coefficients for total retinol intake and retinol from food were 0.66 and 0.70, respectively.
Follow-up questionnaires were mailed out in 1987, 1989, 1992, and 1997. The response rates for each of these years were 91%, 89%, 83%, and 79%, respectively. These questionnaires obtained information on the vital status, residence, and self-reported medical conditions of the participants. The last included information on the occurrence of hip and nonhip fractures. The primary and secondary outcomes of interest were the first reported occurrences of hip and all fractures. Another study found a 91% agreement between self-reported hip fracture and medical chart review [28] . Reported nonhip fractures included fractures of the upper arm, forearm, wrist, ribs, and vertebrae. Follow-up time for cases of fracture was calculated as the number of years from completion of the baseline questionnaire to the midpoint between the year in which the first hip fracture was reported and the participant's previous questionnaire. For noncases, the follow-up time was calculated from the baseline questionnaire to the completion of the last questionnaire or death (through 1997). Deaths were identified through the Iowa State Health Registry and the National Death Index.
A subgroup analysis of participants who responded to the 1997 follow-up questionnaire showed that 54% of those who reported using multivitamins or supplements containing vitamin A in 1986 still reported using them in 1997. Twenty-six percent of participants who did not use multivitamins or supplements containing vitamin A in 1986 were using them in 1997.
Statistical analysis
Women were excluded if they were premenopausal at the time of the baseline questionnaire (n=569); if they had implausible energy intakes of less than 600 kcal or greater than 5,000 kcal, or failed to complete a substantial portion ( ‡30 missing items) of the FFQ (n=3,102); or if they had reported a history of cancer other than skin cancer (n=3,830). These exclusions were not mutually exclusive and the remaining number of participants was 34,703.
The age-and multivariate-adjusted relative risks for hip and all fractures were computed for supplement users (those who reported using a vitamin A-containing supplement) versus nonusers. Supplement users were categorized into three levels of vitamin A and retinol intake (less than 5,000 IU, 5,000 to 9,999 IU, and 10,000 IU or more), and the risks of hip and all fractures were calculated relative to the nonsupplement group. The age-and multivariateadjusted relative risk of hip and all fractures were also computed for quintiles of total and food-only vitamin A and retinol referenced against the lowest quintile. In order to make comparisons with a similar recent study, age-adjusted relative risks also were computed for five categories of vitamin A intake using cutoffs from the Nurses' Health Study [19] .
Analysis of covariance (ANCOVA) was conducted to identify possible confounding variables, adjusting for age. Variables that were associated with vitamin A intake at p<0.2 for the F-test for overall difference were selected for inclusion in proportional hazards (Cox) regression analysis. Covariates were retained in the multivariate model using improvement-of-fit criteria (p<0.05). All multivariate models included adjustment for energy intake as a continuous variable. All analysis was performed using PC SAS version 8.2 (SAS Institute, Cary, NC, USA).
Results
The analysis involved a total of 34,703 predominantly white (99.3%) women with a median age of 61 years. There were 525 incident hip fractures, and a total of 6,502 hip and nonhip fractures. The mean length of follow-up was 9.5 person-years. Slightly over one third of the participants (35%) used supplements containing vitamin A at baseline (n=12,293). Supplement users were slightly younger, less obese, physically more active, more educated, and less likely to have diabetes compared with nonusers (Table 1) . They were also more likely to use thyrotropic, sedative, and steroid medications, and estrogen replacement therapy. The energyadjusted mean intakes of protein, calcium, and vitamin D were higher, whereas the mean caffeine intake was lower among supplement users compared with nonusers. The mean total vitamin A intake was 6,920 IU higher among supplement users compared with nonusers. There were generally similar differences among the subjects grouped by quintiles of total vitamin A intake (extreme quintile results shown in Table 1 ).
In the age-adjusted model, vitamin A supplement users had a 17% higher risk of hip fracture compared with nonusers (95% CI, )2% to +39%) (results not shown). The relative risk was similar after adjusting for age, BMI, WHR, diabetes mellitus, physical activity, steroid medication, and estrogen replacement therapy (RR=1.18, 95% CI, 0.99 to 1.41). Vitamin A supplement use was not associated with risk of all fractures (RR=1.00, 95% CI, 0.95 to 1.05, after adjusting for age, BMI, education, diabetes mellitus, cirrhosis, and use of sedative, thyrotropic, seizure, and steroid medications). When analyzed according to quantity of vitamin A obtained from supplements, risk of hip fracture was slightly greater than 1.0 for each level of vitamin A from supplement use compared with nonusers (Table 2) . However, these relative risks were not statistically significant, and a dose-response relationship was not observed. Similarly null results were seen with increasing amounts of retinol intake from supplements for hip fracture and for all fractures (Table 2) . Table 3 shows the relative risk of hip and all fractures by quintiles of total vitamin A and retinol intake, with the covariates adjusted for, indicated in Table 3 footnotes. Other dietary factors such as calcium or vitamin D were not found to be independent risk factors for fracture in the models and were not included. There were no significant dose-response relationships across quintiles of total vitamin A or retinol intake and hip fracture risk. There also was no association between total vitamin A or retinol intake and risk of any fracture. Two [19] , there still was no association. Among nonusers of supplements, there also was no association of increasing quintiles of vitamin A or retinol intake from food with the risk of hip fracture (Table 4). In fact, women in the highest quintile of retinol intake had 26% fewer hip fractures than those in the first quintile (95% CI, )50% to +8%). Among supplement nonusers, increasing quintiles of food-derived vitamin A were inversely associated with all fracture types ( p value for test of trend = 0.01). A similar trend was not observed for increasing quintiles of food-derived retinol, and there was no evidence of an increased risk of any fracture beyond the first quintile of retinol intake. Among supplement users, no effect of food-derived vitamin A or retinol on hip or all fractures was seen as well (results not shown).
Discussion
Epidemiologic evidence from previous studies has suggested that consuming vitamin A in excessive amounts may be detrimental to bone mass and may even be a risk factor for osteoporotic fractures. The results from our study largely fail to confirm this association for total, food only, and supplemental vitamin A. Only supplemental vitamin A users had a small, elevated risk of hip fracture compared with nonusers (RR=1.18, 95% CI, 0.99 to 1.41). However, hip fracture incidence showed no dose-response increase with the amount of supplemental vitamin A. Results were similarly null when the intake of supplemental retinol (the biologically active form of vitamin A) was examined. Risk of all fractures also was not increased among supplement users compared with nonusers. Among supplement nonusers, there was a trend toward a reduced risk of all fractures with increasing quintiles of vitamin A intake from food, which was not seen for food-related retinol intake. These results, overall, suggest that the risk of fracture is not related to the intake of vitamin A or retinol in this cohort.
Even though 35% of women used supplements containing vitamin A, supplement users also tended to consume slightly more vitamin A from food sources, compared with nonusers of supplements. The mean intake of vitamin A from food only was 12,293 IU for supplement users and 11,933 IU for nonusers. As the former consumed an average of 7,000 IU more total vitamin A than the latter group, supplement use in this cohort may be an indicator of vitamin A overuse.
In the only other published study of vitamin A intake and fracture risk in postmenopausal women, the Nurses' Health Study, the risk of hip fracture was 1.5 times greater in the highest quintile of daily vitamin A intake compared with the lowest quintile [19] . The increased risk was primarily attributed to retinol (RR=1.89 for highest vs lowest quintile). There was a trend toward increased hip fracture risk (RR=1.40, 95% CI, 0.99 to 1.99) among women who used vitamin A supplements, compared with those who never used them. Among nonusers of supplements, the highest quintile of retinol Adjusted for age (continuous), body mass index (continuous), diabetes mellitus (yes, no), cirrhosis (yes, no), thyrotropic medication (current/prior, never), antiepileptic medication (current/prior, never), sedative medication (current/prior, never), steroid medication (current/prior, never), and education (less than or equal to high school, greater than high school) Adjusted for age (continuous), body mass index (continuous), diabetes mellitus (yes, no), cirrhosis (yes, no), past irregular menstrual duration (yes, no), thyrotropic medication (current/prior, never), sedative medication (current/prior, never), steroid medication (current/prior, never), antiepileptic medication (current/prior, never), diuretic medication (current/ prior, never), education (less than or equal to high school, greater than high school), alcohol use (continuous), and energy intake (continuous) Adjusted for age (continuous), body mass index (continuous), diabetes mellitus (yes, no), cirrhosis (yes, no), past irregular menstrual duration (yes, no), thyrotropic medication (current/prior, never), sedative medication (current/prior, never), steroid medication (current/prior, never), antiepileptic medication (current/prior, never), diuretic medication (current/ prior, never), education (less than or equal to high school, greater than high school), alcohol use (continuous), and energy intake (continuous)
intake from food had a 1.7 times increased risk of hip fracture compared with the lowest quintile. Apart from the slightly increased risk of hip fracture among users of vitamin A supplements, we were not able to confirm the other results from Nurses' Health Study. The Nurses' Health Study was a larger study (n=72,337), had longer follow-up (18 years), and included a broader range of ages (34 to 77 years). The racial composition and the initial proportion of participants who used vitamin supplements were similar in both studies. The mean total daily vitamin A intake among our study participants was 14,429 IU, which was higher than the mean intake of 11,325 IU observed in the Nurses' Health Study. One major difference is that in the Nurses' Health Study, the amount of vitamin A and retinol was determined from an average of five FFQs, which probably provided a more accurate estimate of intake. Because we only had one FFQ, our vitamin A measures undoubtedly suffered from more random error, which would tend to attenuate our relative risk estimates toward the null. Other limitations to our study include the following: Subjects who quit completing follow-up questionnaires were censored at death or the time of the last questionnaire, which made fracture ascertainment impossible. This could lead to a biased relative risk if these subjects had a different vitamin A association with fracture. As stated above, the semiquantitative FFQ was obtained only once at baseline and dietary vitamin A has a high intraindividual variation, which may lead to some imprecision in measuring the exposure variables. The correlations for vitamin A and retinol were low in the validation study, which may in part reflect the limited utility of five 24-h dietary recalls (the criterion measure) for assessing the intake of nutrients such as vitamin A that have a very high intraindividual variation in intake. A cause of high variation includes fluctuating or seasonal dietary patterns. Dietary habits or supplement use may also change over a long period of time, leading to misclassification of the exposure variables. However, the validity of the FFQ was more acceptable if supplements were included with dietary sources (r=0.56). Furthermore, it was found to be moderately reliable on repeat administration [27] . In spite of that, it is possible that exposure misclassification may have obscured a weak association with the outcome. Although verification of the reported fracture was not undertaken in this study, self-reported hip fracture appears to be reasonably valid [28] . We were unable to distinguish between traumatic and spontaneous hip fractures. However, most hip fractures in this age group are associated with osteoporosis [29] . There are limits to the generalizability of our study to other populations as it was conducted predominantly on white women.
A strength of this study is the large size, which allowed an adequate number of relatively rare events to be captured, and good statistical power. The mailed questionnaires, rather than face-to-face visits at a study center, enabled a fairly large representation of community-based women to participate.
Conclusion
There was a slightly increased risk of hip fracture among users of supplements containing vitamin A (RR=1.18; 95% CI, 0.99 to 1.41), but no apparent dose-response. Otherwise, we found little relation of hip fracture incidence with vitamin A or retinol intake.
